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Remarks 

This Amendment responds to the Office Action dated February 26, 2003. Tn the Office 
Action, the examiner requested affirmation of the election to prosecute claims 1-12 and 19-21 
(Group 1) and the withdrawal of the invention identified as Group II, claims 13-18. Applicant 
confirms this election. Applicant reserves the right to file a divisional patent application on non- 
clccted claims 13-18. 

In the Office Action, the examiner objected to claims 4 and 20 due to an infonnality 
regarding recitation of a Markush group. Claims 4 and 20 have been amended to refer to "the group 
consisting of as requested by the patent examiner. 

Tn the Office Action, the examiner rejected claims 3-7 under 35 U.S.C §112, second 
paragraph as being indefinite, particularly relating to the word "composite" in claim 3. Claim 3 has 
been amended to delete that word such thai the claim now provides "dyeing the laminated fabric of 
said knit layer, aluminum sheet layer and non-woven fabric layer with a background color" 
Accordingly, appUcanthasovercome the indefinite use of"composite"andrespectfully requests that 
the examiner withdraw this rejection ordaim 3 and dependent claims 4-7 which depend from claim 
3. 

In the Office Action, the examiner rejected as beingnon-patentable claims 1 and 19-21 under 
35 U.S.C. §102 in view or U.S. Patent No. 5,149,582 to LaMarca (herein "LaMarca *582"). The 
examiner rejected claims 2 and 8-9 and 1 1 -1 2 under 35 U.S.C. § 103(a) in view of U.S. Patent No. 
4,901 ,738 to Brink (herein "Brink '738"). The examiner rejected claim 3 under Section 1 03(a) as 
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being unpatentable over LaMarca '582; Brink '738 and U.S. Patent No. 5,568,666 to Seibert. The 
examiner rejected claims 4-7 and 10 under 35 U.S.C. §103(a) as being unpatentable in view of 
LaMarca « 582; Brink '738 and Seibert '666 and U .S. Patent No. 3,094,547 to Heine ("Heine '547"). 

further, the examiner rejected under the doctrine of obviousness-type double patenting 
claims l-12and 19-21 as being unpatentable over claims l-12ofco-pendhigappUcationbyappHcant 
Principe, Serial No. 09/903,767. Applicant respectfully submits that she will file a Terminal 
Disclaimer thereby avoiding the obviousness-type double patenting rejection upon allowance of 
claims in both of these patents applications. 

Applicant has amended claim 1 to recite "A cigar and cigarette burn resistant gaming table 
cloth which resists decomposition by bum and char formation by a lit cigarette or cigar for at least 
threeminutesduring direct contact exposure to a the lit end of the cigar or cigarette." Further, claim 
1 has been amended to provide "said aluminum acting as a heat sink and preventing decomposition 
by bum and char formation on the fabric for at least three minutes." 

Support for these concepts is found throughout the patent specification. Particularly in 
paragraph 3, "Casino patrons dislike the look of stained gaming lable covers (originating from 
spilled drinks) and wirh hnrn marks are similarly unsightly. Patrons will avoid these 

stained and abused gaming tables ... the distressed look of the table engenders a poor quality image 
in the minds of casino patrons." "Hence, mere is a need for a water resistant cigar and cigarette burn 
resistant gamingtable of billiard table cover." Paragraph 5. 

in other words, applicant seeks protection for a cigarette bum resistant cloth that prevents 
decomposition by burn and prevents char formation due to direct contact exposure to a lit cigarette 
for at least three minutes. 
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It i s respectfully submitted that the references cited by the examiner are primarily concerned 
with flame resistant or flame retardant fabrics whereas the presently claimed invention is more 
concerned with a bum resistant fabric which has been more specifically identified as "preventing 
decomposition by bum and char formation on the fabric for at least three minuted In Paragraph 1 3 , 
it is an object of the invention to provide "a cigar and cigarette bum resistant gaming table cloth." 
In Paragraph 1 5, the gaming table cloth S ignificantly resist hurninp by a lit cigarette , or a lit cigar 
fr r p w three mir^ ~ nr m»m during Him* contact exposure to the lit end of the cigar or 
cigarette " Paragraph 22 discusses experiments indicating that prior art garning table covers burn 
in 11-20 seconds upon direct contact with lit cigarette or lit cigar which have an approximate 
temperature of 1 200°F. "The cloth composite of the present invention does not bum unless the hot 
spot exposure exceeds at least 3 minutes of direct contact with a lit cigarette or lit cigar. It is 
believed that the aluminum acts as aheat sink andprevents burn on the fabric for up to 3-4 minutes." 

In view of these explicit statements in the patent speci fication, the present invention is not 
primarily concerned with flame retardant fabrics but rather is concerned with bum resistant fabrics 
wherein bum resistant is further defined as "preventing decomposition by bum and char formation 
on the fabric for at least three minutes." The entire purpose of the new fabric was to avoid bum 
marks due to cigars and cigarettes on gaming and billiard table cloth. See Paragraph 3 (casino 
P atronsdi S like...tablecove^ 

and cigarette bum resistant gaming table); Paragraph 13 (same); Paragraph 15 (a clom which 
significantly resists burning by a lit cigarette or a lit cigar for about three minutes); and Paragraph 
22 (the present cloth invention does not burn unless the hot spot exposure from the lit cigarette or 
lit cigar exceeds at least three minutes of direct contact). Hence, the present invention is not directed 
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to a name retardant or flame resistant fabric but rather is directed to a fabric which prevents 
decomposition by bum and char formation (suchburn or char formation representing bum marks on 
casino table cloth and billiard cloth per Paragraph 3). 

Persons with ordinary skill in the art of burn resistant and flame retardant fabrics recognize 
the relationship between flame retardant features and char formation. Exhibit A attached provides 
a glossary for the Flame Rctardants Center which glossary separately identifies char (carbonaceous 
residue resulting from pyrolysis or incomplete combustion), separate from tire retardant and fire 
rctardants. (pp. A-2, A-3). Further the book Fir* Retardcncy of Polymeric Materials , Ed. Arthur F. 
Grand and Charles A. Wilky, Pub. Marcel Dekker, Inc. (2000) pp. 172-1 74, (Exhibit B attached) 
discusses the role of char in the study or thermal degradation in Tabrics. p. B-3. tn Exhibit C 
attached, persons of ordinary skills in the art recognize that thephrase "fire retardant" encompasses 
many factors including ease of ignition, flame spread, fire endurance, rate of heat release, ease of 
extinction, smoke evolution and toxic gas evolution. Exhibit D enclosed also discusses char 
formation and the relationship of char formation regarding flame retardant polymers. Exhibit E 
attached is a book ™»™ ma hi1itv of Fabrics. Charles Hilado, Technomic Pub. Co., Westport, CT 
(1974) pp. 1 1-24 and 59, 62 and 63, which discusses char life at p. E-4 and the production of char 
at p. E-5 and states that many flame rctardants have a tendency to produce more char at pp. E-7 and 
E-8. The article 'Tlammability Measurements and Thermal Decomposition of Textiles" by J.E. 
Hendrix, et. al. and that same textbook FlammahilityofF^rigs, at p. E-l 1 graphically illustrates at 
p. E-l 2 that fabrics that produce more char have lower combustion temperatures as compared with 
fabrics that are not treated with name retardant chemicals. 
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l„ other word., (a) production of eta U a recognized characterise in the (lame rctardant 
indu^.thatis.reeogmzedby.h.^^ 

.^.fabrics rather ton prevented or reduced . M in the 

present invention. FuAer. the present invention is interested in Renting ho* burn and char 
rotation for a« leas, tee minutes after direct contact exposure to a lit cud of a cigar or cigarette. 
T*ese attached references, and the ft. re— prior art references cited by the examiner, ** 
OTfem mec.aimedinvem,c*wM^^^^ 

on fabric for three minutes due to the direct contact exposure to the lit end of a cigarette. 

None of the references citedby the examiner discus. pr""Hti"|- HfftimMato bybum and 

are all dieted to preventing deposition by bum and decomposition by char formation. The 
articles attached hereto indicate that char formation is one of many physical characteristics which 
nave an impact on the flam, relaxant fcahtrc of fabrics. However, the technology, a. least as 
gained in Exhibits D and E indicates that fabrics which generate grcate, char have greater flame 
r^dantctoracterisfes. ,„thepr=sentmven,ion,char romtationandbumdecompositionisavoided 
(bee^s. casino pattens dislike table covers w.th bum marks. Paragraph 3). Any resulting flame 
rctardant cha~c.eris.ic of the gaming table doth is. in the present pate* application, irrelevant to 

or cigarette/' 

LaMtuca '582 is specifically directed to a flame banier. puncture resistant fabric sheet as 
statedtaits.Ule. "ammabi. ^reouirem^sareitottfledatcolumnl.line^Oandlincsa^. 
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LaMarca '582 specifically stales that these flame tests involve a horizontal type flame lest and a 
vertical type bum lest and that "flame must be prevented from penetrating through the upholslcry 
fabric." Col. 1 , line 36. LaMarca '582 discusses a flame barrier composite sheet material at col. 1 , 
line 66 and col. 2, line 3. In discussing the aluminum foil layer at col 4, line 36, LaMarca '582 
slates "The metal foil provides a flame barrier and also serves as a heat sink in the resulting 
composite fabric cheap material and aids in stopping vertical flame propagation." Lines 40-43. 
Furthcr.atcoLS.linesZ^SO.itisexplained-ltisrccognized that the composite fabric sheetmaterial 
or the ILaMarca '582] invention will have applications in a wide variety of fields where a highly 
flame and puncture resistant fabric sheet material is desired." Tn explaining the preferred 
embodiment of his invention, LaMarca * 582 discusses the flammability specifications and fire block 
test at col. 7, lines 4-6. LaMarca '582 does not discuss preventing decomposition by bum nor 

decomposition by char formation. 

With respect to Brink '738, that patent disclosure discusses a laser shield which claims are 
particularly directed to a laser resistant surgical drape. The laser shield claim format in Brink '738 
is a similar claim format compared to the presently presented claims in that the present claims relate 
tQ a r t„h1e cloth wh f ^ ™«t« ^nmnontion by bum and <*«r formation by a lit cigarelle or 
cigar for at least three minutes. Brink '738 claims and covers a laser shield having certain physical 
characteristics. The structural aspect of preventing both (i) decomposition by burn and (ii) char 
formation for at least three minutes is explicitly recited in claim 1 of (he present invention, brother 
wordMheflameresistant fabric identified ml^an;a '582 is dir^ 

structure as compared with the presently claimed invention which is directed to a gamingtable cloth 
which resists unsightly bum marks caused by a lit cigar or cigarette. Brink '738 discusses a need for 
a laser resistant surgical drape at col. 1, line 16 and line 59, col. 2, lines 16 and 48- More 
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particularly, the laser shield in Brink 738 includes tiiermal plastic fibers which resist flaming when 
subjected to a carbon dioxide laser. Col. 4, lines 1 7-22. More significantly Ihc laser shield in Brink 
'738 uses aluminum or many other metal *i Is such as copper, gold, iron, and steel. Col. 4, lines 40- 
50. In the present invention, other metal foils or sheets have been found to be unacceptable for the 
burn resistant fabric. Paragraph 48 (steel does not adhere to cloth layers and is loo heavy). 

Brink '738 also discusses a national fire standard which relates to ignition in 1 5 seconds or 
20 seconds. Col. 7, lines 17-25. In direct contrast, the presently claimed invention resists 
decomposition by bum and resists decomposition by ehar formation for at least three minutes due 
to direct contact exposure to the lit end of a cigar or cigarette. The claimed invention describes a 
different structure for a different purpose which, most importantly, operates in a different manner 
when subjected to "direct contact expose 

marks, Paragraphs 3,13,15 and 22) is not disclosed by the prior art In fact, the prior art Exhibits 
D and E attached show mat greater char formation enhances fire retardant features of a fabric. 

Seibert '666 and Heine '547 do not show, teach or suggest a laminated fabric with an 
aluminum sheet which prevents decomposition by burn and char formation on a fabric for at least 
three minutes during direct contact exposure to lit end of a cigar or cigarette. 

Accordingly, it is respectfully requested that the examiner withdraw the rejection applied 
against claims 1-12 and 19-21 and allow those claims in the present case. 

Respectfully submitted, 
Fleit, Kain, Gibbons, Gutman & Bongini, P.L. 

lertC. Kain, Jr. 
..eg. No. 30,648 

750 Southeast Third Avenue, Suite 100 
Ft. Lauderdale, Florida 33316-1153 
Telephone: (954)768-9002 
, tM . Facsimile: (954)768-0158 

\\Tisei"*itn »ht.w\KnK\TI.lENTS\MINOR\083»-l ameiuH»l«03.wpd 
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Glossary 



TWs glossary is partiaHy msplrcdltaro the IS0 13943: 2000 -fir* safety 
vocabulary- 



jjMtUlftES^ 
Fir* Oynwnic* 

sufidimj AC^nsirtictto^ after flame time <s) ..rwiar ^oe^ififid 

EtecJatenflta^infl Ung* of time ft* which an attar flame persists under specified 
conditions. 



^^^^ich persists after the ignitiorf source has been removed. 



Testinfl 



I Select a 



Transportation 
Fumfcure 

Future Trends 
> Glossary 
T ??Fin* CfllLn>mrv 



^^^^enoa of Rowing after cessation of ttamino or if no-toning -ocwsi 
after the ignition source have teen removed 

SfgShTtSlldr which an afterglow ****** under specified 

conditions. 

TSlS^ materW I0f« 5 tet»» influence of an electric s along its 
surface, under specified teat eoriditiais 

tet^tfcUaged area of a nj!!^ thrt ha* been dwtroyed by 
£S^?pS& under specmed colons. (See also damag-d- 
area-KI27) 

V^SSSS^m of a that has been destroyed by 

combustion or pyrolyais under specified conditions. 

S"S ph^ttor chemical chanses that take place when an item is 
exposed to a specified Ignition source, 

ffi^S KSbustten of unit mass of a given su^nce. 
* gresft calorific vaIua 
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The calorific value of a substance when the combustion Is 
comptete nand -any produced water Js entirety condensed under 
specified conditions. 
■ nat calorific value ; h^at of combustion (J/kg) 
The catorttic vaJue of a substance when the combustion is 
complete and any produced water is tit the vapour state under 
specified conditions. 



char (noun) 

Gwbonsceous -residua resulting from pyrotysis or Int^pl^e combusbon 
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"combustible (adj.) ~ 
Capable or being combustible. 

combustion 

Exothermic reaction of a combu$ttole substance with an oxidizer. 



A combustion wave, accompanied by en explosion, propagating at 
subsonic velocity. 

detonation 

A combustion weve> accompanied by en explosion, propagating at 
supersonic velocity and characterized by a Shockwave, 

end use conditions ^ . . 

The intended conditions to which an item win be subjected during as 
normal working Kfe, when used in accordance with the manufedurers 

instructions, 

explosion 

An abftjpt expansion tfgas which may result from a i^pid twklation or 
decomposition reaction, with or without an increase \n temperature. 

exposure time (s) ^ 
The length of time tor which people, animate or hems are exposed under 
specified test oondRrons. 

A.-.E E 6jJ4 CLJ 
flre 

Self supporting combustion spreading uncontroned in time and space 
diaracterized by the emission of heat and effluent often accompanied by 
ttame and/or glowing. 

face hairier (function) 

The ability of a separating eteme nt to resist the passage of. flame andtor 
hetf-and/or effluents. 

fire barrier (product) tr _ k k __ 

A separating dement able to function as a fire tamer (function), fcr* 
period of time under specified conditions. 

fire behaviour 

The ctartQe in the physical and/or chemical properties of anitam andtat 
structure exposed fires. 



Hfe compartment 

An mfased space, which may be^siabdiWded, bounded *y elements of 

btftj://ww.specialchem^ 5/23/03 
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joonsiructicn having a specified fire resistance. 

flrw affluent ^, t . 

The totality of gai»9 t and/or aerosols (including suspended particles) 
seated by combustion or pyrolysis. 

firs exposure ^ 

The extant io which persons, animals or 4lams are subjected to -the 
conditions created toy fins. 

fire gases 

The gaseous part of the products of corabustion 
fire hazard 

The-potentia! for injury and/or damage -from fire, 
tire performance 

The response of an item when exposed to a specific fire. 

flre resistance _ 

The ability of en item to fulfil for a stated period of time the required 
stability and/or ttegrity and/or thermal insulation and/or other expected 
Arty specified in a standard Jfoe resistance test 

Are reterdanMnoun) m . 

A substance added or a treatment applied to a material m order to delay 
tuition or to reduce the rata of combustioa 



.fire scenario 

A detailed descriptor* of conditions, including environmental, of one or 
more stages from before ignition to after completion of combustion in an 
actual fire at a specific location or in a real scale simulation. 

fire si mulatto! 

Mathematical representation of one or more of different interconnected 
phenomena governing* fire development 



Zone of combustion in the gaseous phase usually with emission of light, 
flame front 

The boundary of flaming combustion at the surface of a material or 
propagating through a gaseous mixture. 

r flame retardance w \ 7777 

LThe property of e material whereby flaming combustions is solved,/ 
terminated orprevent^^.^ ^ J 

flame rotartiant (noun) 

A substance added, xx a treatment applied to a material in order to 
aaipmss or delay the appe a rance of a flame andtor reduce 41s 
propagation (spread) rate. 

flame ratardant treatment 

A process whereby Unproved flame* retardance ts imparted to a- material 
or product. 

flame spread 

Piupay«(tiun fcf aflame front. 

http//www .specialchcra4poiyrars.co 5/23/03 

Received from < 954 768 01 58 > at 6/17/03 2:35:21 PM [Eastern Daylight Time] 



Sent By: FKGGB*FTL- -KAIN; # _ 954 768 0158; Jun- 1 7-03 2 :4 6PM; # Page 16 

MAY-23-2003 16:50 FROM t GRAPH TO GRAPHICS IN 9545636569 T0:954 768 0159 P.007'010 

TechCentcr - Flame Retardants Center Page 4 of 7 



flame spread rate <m/a) 

Distance travelled by « flam* -front inuring its propagation, dhrfdedbythe 
timet* travel, under specified conditions. 

flammabtthy 

Tte abifoy of e materia* oc product to bum with ^ ftem* under specified 
conditions, 

flammable 

Capable of Naming under specified conditions, 
flash-over 

The transition to a state of total surface involvement k\ a fir* of 
eombusttte materials within an enclosure-. 

fully developed fire 

jtoe steatcf *nfca*«Twote*aentc* ^oraimtibie aaeaeriate frwfln^ 
A-E £ fLiU CUT 



Transformation of a solid and/or liquid material to a gaseous state, 
glowing combustion 

Combustion of a 4&ateriaJ w the solid phase without flame tout with 
emission of light irom the oombusrtion zone. 

gross calorific value (J/kg) 

The csionte wabue of a substance when the combustion is complete and 
any produwtf vrater enttreV condensed under specified conditions. 

heatfhiK^MV/fn 1 ) 

The amount of enew emitted, tamsmitted or faceted per vnit 

iand unit time. 



heatt*lessa<J). 

The calorific enetgy wWch is released by the combustion of an item under 
specified corvifthjns, 

heat release rate : rate of heat release (Wm2 or W) 

The calorific ^wergy ratea&d pe/ uni* tine by during combustion 

under specified conditions. 

heat stress 

Coalitions cau»d by exposure- to etevated/redxx^d temperature, ratflant 
heat flux, or combination of these- factors . 

IgnitabUlty 

Atessure xrf the «ase wMh-whfcfc an item ran bailed, under specified 
^conditions. 

ignition 

teUettotqt cott t bu atiOfr, 
ignition source 

A source of energy that Initiates combustion, 
incandescence 

Emission of light produced by a material when- intensely heated. It can-to* 
produced by rnateriaU in, ti^^ with orwft&wA combustion 
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7h^i^*fa*ep3^ 

prevent ofHames and tot t^^teraur^ 
STt^una^wd &kte, for a Mated period of t™ in « standard fire 
resistance tetf- 

intermediate scale test 

Test performed on an Item of medium dimension*. 

The S^rtretl^Sl^ flea or fire effluent statistically calculated from 
SSSSSSon^^ ^ produce lethality in 50 % of test animate 
cf given spftcfe* under specified condflkaKL 

T^'^^wt te^carried out in typical tetaratory rhatnCW. 
pertorrned ;bn an Iferoxf terfiettimenstons 

nitrogen that wDt just support' ftemmg combusto* of a material under 
specified conditions. 

TSWoS^^nipenying the softening of a material uwter the 
influence of heat (including defaming and dnppmg. but not flaming). 

^SoSteTmatenal which have been softened or liquefied by 
heat.. 

net calorific value ; heat of combustion ( l/kg) __. . . 

S cSlorific value of a substance when th^mbu*^*^^ and 
any produced water is inth*vapoHrsiate'under specifodcoreWwns; 

J^^^^S^derGoing combustion under specified conditions. 

iff npaSTS burning with aflame under specified condition*. 
A-. E E SUA fi^c 

opacity of smoke (dimenaionitya) thmtiob 
Artwasura ot the attenuation- ot a ught beam pass*® 
expressed as the ratio (tfT> of incident luminous flwr (I) to ttwrtnirtWtf 
luminous flux (T) through smoke under specified conditions. 

J'SxTofthl'SSSatton of a fight beam passing through smoke 
expressed as the common logarithm Cue. logarithm to the base 10) pgflft)] 
ottha opaciiy erf anoke. 

I Sag».asby fbrBxample, aflaroe,*e*K ^tedncelaicor glowing wre. 



TtwstSo; ^ Bo^d'andgawqua materials resulting fccm combusWortSi 
httpV/v^.specialcb^^^ 
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pyrolysls ^ , t . 

art pat***** imwsrefcte tterokrf xtedompoa^ «tetfy by a 

reaction to fir* 

Tte wspon»of a-tnatertal in corrtrteuttnoiby its «m decomposition to a 
firetowh^Ft&ftxpoeed, underspwJfWoorKttwnt. 

ml K8f« teat _ 

Test which Atotfafese tfven application* totong into ^seoirf «be *eaf 
* 9. theT8al~way trf working or instalWHon and tha*nvronroei*. 



screening test 

A preUmtnary tost used foe ascertaining whether an torn ts tftefr to exhibit 
(or not) cerfaWr characteristics according to a rtwKterdUecJ testrrrethdrf. 

elf«xtlngulshliig 

J -torn. 



small scale tost 

A. teat performed, on en item of small dimensions, 
amoks 

Visible part of fire effluent 
<9nwfce*b«ciurtf&c>rt 

The reduction, (usually expressed as a percentage), m the intensity of 
Ugibt dua to it* passage through smoke* 

smouldering ^ , . _ . . 

The combustion of a materiel without flame and without light being 

aoot 

Particulate matter produoecT and deposited durthg or after combustion. 

specific optical density of smoke (dimensionless) 

A measure of the opacity of the smoke ^produced -by a-speamen taking 

ibai ttteftbod: 

surface spread of flam* 

Th»,prop a g atka » cfttarag map tea* thfr source? of ignition acme the 
surface of * fiqwrf or a soft* 

sustained Hawing 

PujMnni irr^mn m or overs surface fcra^nfttonro^je^^t^ 
thermal degradation 

A process whereby the action: of heat or elevated temperature on an item 
causes* loss of some properties, e g- physical* mechanical or electrical, 

loxlc hazard 

Th& potM^ifofM^ay trtes t^ifefeympoero to tcodcants^tih respect 
tothetr potency , x$uartfity, c on centration and deration df exposure. 

toxic potency 

A measure of- the amount at tawcant teqmerf to-e*tek & specific toxic 

orract- 
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I. THE ROLE OF CHAR IN THERMAL DEGRADATION: 
FffiERETARDANCY 

Char, which is formed in me process erf ft«iMjldegi^tioQ,c^play8e«endTqlc« 
in flas retartfancy. The formation of char in and of itself lias a rignifi«nt effect 
on die degradation because char formation am occw at the expense of other 
mictions that may fann volatile*; tain, char formation may limit die amount of 
fuel available. An example of thk occurs in cellulose, which may degrade cither 
by a series oF dehydration reaction* that yield water, carton dioxide, and char. 
pi by a process in which levogMcosan i> produced, which eventually leads to the 
tarnation of volatile! (IK thia is shown as Scheme I. 



COl ♦ H»0 + Our 




Schsmel Thcrnul degraffaaio" <* c«11u1om to dur or flammable gnu*. 



the second role that must beeonsadeied is that oocc charts formed, it can 
influence further dtgwdarion. When an adhwnt and Inantoang layer of char » 
bum up 00 the surface of a porynier, mi* layer may bwulate the underlying poly- 
SoTtne flame art. m£ mate further degradation «S*Jt Tl». «- 
„Ls that the comhustion of char it a difficult protest and the* will be some 
dependence on d»eoMpc^ 

of an amorphous carbon along the way to giapUtization: MM«f W??; 
n*y «*ult if the char layer *» hwrgamc componefti m addition to crtxm. 



II. CORRELATION BETWEEN CROSS-LINKING 
AND CHAR FORMATION 

A cursory review of the literatim would lead one "™*2**J 
polymer will be inherently hw burwhlc than a win-cross-taked pdyreera). In 

cWnected to both the number of crow-links and u> the «wngd.4rf the .bonds that 
nuke up the cross-kintod structure (3). In x*c«t work, from these laboratory, .t 



#-5 
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Char Formation 173 

has beat observed that cross-linked methyl racthacryJaics, copolymers prepared 
by die radical polymerization of various dimethacrylates with methyl methac* 
jyiatc, degrade . ai essentially the same temperature as does the homopolyraer 
poly(methyl metfcacrylate). The moat likely explanation is that the cross-linked 
structure is produced by Ytry weak beads dial may be relatively easily cleaved 
thermally. Upon heating, (he cro^ltaked stnictore is lout and the resulting poly- 
mer it now no different from Hut of methyl methacry (ate and in degradation pro- 
coeds in the same way (4). 



HL FORMATION OF CHAR 

Tt is believed that the temperature at the surface of a burning polymer is dose 
to the temperature at which extensive thermal degradation occurs (usually 300- 
60&C). The bottom layer of char, near the polymer surface, is at the aame Eem- 
perature, whereas the upper surface, exposed to the flame* can be as hot as )500*C 
(5)* Therefore, fiie-wtflidancy chemistry il concerned with chars, which maybe 
produced at temperature* between 300 and 1 500°G 

A polymer pmcs through several steps in the formation of char. These in- 
clude (&) cross-Jinking, (b) aromatitarion, (c) fusion of aromatic*, (d) turbu tratk; 
char formation, and (e) graphitizahon. Turbostraiic char refers to an incomplete 
proeea s of £mphiii2atioa. when solid ipheroids (precursors of graphite) appear in 
the molten carbonaceous material, typkalry at 500 ~7fl0°C I At this point, the 
graphite layers arc arranged tn a parallel fashion, yet they are random in transla- 
tion and rotation* The char formed during the combustion of polymeric materials 
is similar to the mrbostntic char. 

In fiie-retaronnt terminology, all polymers are usually classified as nan- 
charable or durable, depending on whether or not they produce char under py- 
rolyric conditions (5), In terms of the chemical processes governing thermal 
degradation^ polymers may be divided into three classes (7,8): (a) polymers thai 
undergo chain scission and volatirbe with, at most, a negligible amount of the 
char formation [e.g„ polyethylene (PEX polypropylene (PF), polystyrene (PS), 
polyCmcthyl meihacrylate) (PMMA)]; (b) polymers that undergo chain stripping 
reaction*, producing unsarurarion in the main chain with loss of hydrogen atoms 
and the pendant groups and five a moderate amount of char [e.g„ polyvinyl chlo- 
ride) (PVQ* poMvinyi alcohol) (PVA), polyacTylonitrik (PAN)]; (e) polymers 
that oomaw aromatic rings thai can cros-Unk simulmneoiisly with chain cciacion 
reactions and produce moderate to high amounts of char (e,g„ aromatic poly- 
TOudca {PAX polyester* (PS), polycarbonates (PC); polyimides (FTJL Different au- 
thors may categorize each polymer, in one or another category, depending on the 
jimjihaMB they wish to place on a particular reaction. 
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174 LevcrtlknndWilkle 
A. . Polymer* That Naturally Produce Char • 

Under certain experimental conditions, even aliphatic polyhydrocarbon* can pro- 
duce some char. The dissociation cnorgy of C — C hoods ui hydrocarbon* is 65- 
90 kcal/moj, depending on the utruchne, whereas C — H bonds have a dissocia- 
tion energy in the range 90-105 kcal/mol [9). Because these energies are similar, 
dchydrogenation may compete with the chain scfoftioti aihigh temperature (10), as 
shown Eq, (1): 



< 



Vinyl chain ends activate hydrogen in aJUylic positions; the dissociation energy of 
the allylic C — H u ~*5 keai/mol (5,9) and this leads to dehydrogenariGn and for- 
mation of conjugated dicnes. The dienes may react with an activated double bond 
(dicrtophilic reagent) and lead to ammatization, as shown in Bg,. (2): 

The diene may also undergo further dehydrogenation leading to a iriece that may 
cyclize (JSq. (3)]: 



-Hi eytUato 
™ » CH>=CH-CH=CH-CH— CH-~ 



O) 



This is a phenomenologicAl model of carbonization of polyhydrocarboos. How- 
ever, under the normal degradation conditions in an inert atmosphere, the forma* 
tion of char by these processes is quite limited One of the goals of fire retardant 
science is to promote these <Aar-farming mechanism*. 

Myacrylonilxile (PAN) has been studied very extensively (11) « a poten- 
tial source for the production of carbon fibers. It was shown (11-13) that the ther- 
mal degradation process of PAN strongly depends on heating rate. Under rapid 
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Changing Nature of Fire nrartaney In Polymer* 7 

mem oftoctal* by plasties. It ia not the cost of* material that determine* material 
selection in on application, but what the final cost i$ to perform a function. As 
polymer options expand, as processing becomes more sophisticated, higher engi- 
neered parts become more practical. One may mil* find combustible organic poly- 
mers in functions where metals onrepredoounated. That can lead to unanticipated 
hazards (5)< 



iv, what noes rr mean to be fire retardant? _ 

Flrerelardancy or flame rctardancy or u FR n can be very nmrfi nv&e eye of the be- 
holder* Combustibility can depend as much on nib condition* a* on polymer com- 
position. Whether a material is an "FR" material is very much in the context of 
tests. Whereas rietigning laboratory Tests to fully jrimulate real fire conditions is 
not possible, the iacrcased uie of leats which measure flmrtaaimtai properties, 
then using *o«* propeniea in mathematical models, i* becoming increasingly 
successful and ia the, Subject of discussion? elsewhere in this volume. The behav- 
ior of materials in a fire can be described by several factors (6): 

1. Base of ignirion^how iwliry a material ignites 

2» Flame spread — how rapidly fire spreads acroas a surface 

3, Fire f»dur*xtcc^"how rapidly fire penetrates a waU or barrier 

l 4. Rate of beat release — how much heat is released and how quicVly 

\ 5. Ease of <OTDCtion-~-how rapidly or how easily the flame chemistry 

\ leads to extinction 

] 6. Smoke evolution— amount evolution rate, and composition of smoke 

] released during stages of afire 

1 7 . Toxic gas evblutioTi— vuounr. evolution rate, and composition of gase* 

V released during stages of a fire 

A muiticude offlammabiliry teats measuring one or more of these properties 1 ' 
have been developed. There are more than 100 teats in the United State* alone. 
Other countries use different tests and rating systems* often making comparisons 
difficult. A material acceptable iu one country may be rejected in another. A 
polymer resin may thus be inmt ignition resistant than its parent or than another 
resin and thus be 'Ignition resistant" or "flame rerardamT* but stiJJ have insuffi- 
cient fir* performance in the context of the teats appropriate for the application, 
that can lead to conflicts and mucommunication among resin supplier, customer, 
and* end user. Par example, in a recent legal case, n rubber manufacturer sold an 
Igriftion-resistant ream V-0) into an application. The application had its 

own indnairy lest, which had few tot facilities. The application teat way known 
only vaguely to the resin supplier. The customer bought the resin, although it was 



c 
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6 MeJaon 

marginal, because the resin wu substantially less expensive than the alternative 
Yam later in a product wide process chaise the resin manufacturer found it 
necessary to reformulate 114 rubber! It formulated a new V-0 product which was 
even mom descry V-0 than the previous product That "new improved product'* 
was shipped to the customer under the same product number. Farts using die new 
resin were mode rod shipped. Only later did final product testing show that the 
new ream did not pas* the end-product test. This necefsitaM a pan recall from 
across the country Litigation resulted* Who knew what? Who should have com* 
municatcd what to whom? When? What quality control testing was needed and 
when, which would have shown that nna) parts did not comply with specifica- 
tions? 'Fiie retaidanT i* not an absolute. It has a context which most be undais 
«toodby supplier, customer, and user ^e^ThMc^iextne^tobcdisaiswdaiwi 
communicated clearly. 

V. IS THE USE OF "FR" RESINS MEANINGFUL? 

In 1988. the National Bureau of Standards reported on a fire hazard comparison 
of fiie-retarded (FR) and ao^firc-fttanfed plastics (7). AppWcatkw» tnduded a 
TV housing a business machine housing, upholstered chairs, a cable array, and 
laminated circuit boards. In each case, a iron-fire-retardant resin and a correspond- 
ing fiame-fetarctam resin were used in the application, Ic was concluded that rep- 
resentative fire-tetarded producta showed significantly enhanced fixe performance. 
They found the following: 

1 . The average available escape time was mote than 15-fofd greater for the 
FR products in room burn tests. 

2. The amount of material consumed in tests of the FR products wa« less 
than half the loss in the non-FR teste. 

3. Fiie~retanfed products, 011 average».gavc one-quarter die heat release of 
non-FR product*, 

4. The total quantity of toxic gas, expressed as CO equivalentt, released 
by the PR products was one*third thai for the non-FR products. 

5. The production o f ™* Tffl i^H ne * rtf1v "i*™™* ™ fi ™ 
teats between FR and non-FR products. 

"The study Hhowx, then, that the proper selection of lite Ttfardants can improve fire 
and life safer/' (7). It was noted that audi a conclusion should not be aotomatv 
cally expected, but thai test and evaluation of candidate systems is necessary to to- 
sure fire ptrfbrmaiicc enhancement m the final application. It was also noted that 
prodnctron of carbon monoxide was not accurately predicted in leas than room- 
sized testa. Instruments like heat>release-rate »loruneters are overventilated ver- 
sus some room test scenarios and thus substantially undctprcdict CO. 
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Chapter 8 

Char Enhancing Approaches to Flame Retarding 
Polymers 

J W. GibW, T. Kashiwagi'. R.H. Harris', Jr., S. Loroakin 11 , J.D. 
Lichtenhan 2 , A. Bolf 3 and P. Jones 2 ^ c _^ ^ 

1 Fin SWn»«wwp«. BaStdbig am* Krc Raearth Laboratory. Jteiionai Institute ef Standard* 
and Technology* GoJihorsburg. MA 20S994001 USA. 
3 Air Forte fitteorch Laboratory. Edwards A* Force Base. CA M2+7680 VSA 




ABSTRACT: Additives that increase the amount oT charcoal-like residue or 
vacem rfatr fe™ AainpDQtvmet combustion ait very effecting fire retatdants (FR) 
[I-3J: Ourroearch efforts focus on reducing polymer fWnabiKty by promoting char 
fonnaucti. Our approach to char promotion is to investigate additives which enhance 
charring, and to jainAfuodaroeinal understanding of the additives' «w*ani»J» of char 
formation with the goal or optimizing their perfatmancc ^ar J a i X Ba fen reduces , 

, -r — m «Ahtii. pnivmtf ovralvsft fraanent*. or facl. available for burning m ftc . 

- — r i > .v.. H-^r^Tu^ the amount of heat rcfeaacd a«t fed hack te- the 

-~£ifect.The char also insulates the im*aiymg polymer, doe » bt flwrmal 

• conductivity, and wfadiates incident energy away from the polymer surface. The cbar 

^tofaKtiCKMiimMnmasvan harrier, by phyjica«y deUyfag.thc voUtUuafconof 

physical icmcuiro of die char is important in this role. Thick, foamy char appears to be 
mote. Cre. resistant than, brittle* thro char [4J. Thb char-enhancing appoechi is moat 
luncBiMwneo ll>epcdynwr cfa» rapidly and ear* hi tbsbwnmg process. TeWwW, 
the charring process most occur at a temperature above the polymer processing. 
KBtDcrsnire. but below the temperature where rapid gasification of toe polymer to 
combustible fuel occurs. TCs eTupier is an overview of several new «nar enhancing 
approaches to reducing the fhunmabflity of polymers. 



8.1 IntroductioD 




Current efforts in our laboratory focus on several different char enhancmg, 
inorganic-additive Systems. All of these systems entail the use of inorganic materials 
as 4 WWv«tooisanicp6lymers.*ncihaa commodity polymers, angmeeriDg polymers, 
thermoplastics and thermosetsi. Under a class of additives best described as metal 



^wrk was cried oat by tbe^ationtf I«titatt of Standirdf andTeAnoJoflf (NIST). «. agency oT 

the. US ac«crament; andVy stattle is oei wajaa u> eopynthc m the win* Smm, 

tGuert archer « NIST fro«i the Ru«^n Acadcn* of Soeno^ Moscow. ^d***, 

ia ortlcr to *d«piiady tttc nqxaimaual procedure. Tbo h» — y "towwt 

135 

Chemistry an* Twbnotooy a* PoJys^ A*tft*-«f - Chapter/*. Wsji BlActawU 
Science inc.. H*l«n. ma, AK-NalalKa, s.; Golovoy. A.; wukie, c. A., 
Editors* 136- ISO «p* 199°. . 

Received from < 954 768 0158 > at 6117/03 2:35:21 PM [Eastern Daylight Time] 



Sent By: FKGGB*FTL"_KAIN;_ 

FROM ( 



954 76B 0158; 



: Vs^v *-iv-i i : *"■:*■.••• . 



•i 



,,,,,, . , 

V.." ■■■■■■■ ■: :->> v-j!- : i 



•.v^•;•^,; ; ^ Vv-^v : •^^• 



Page 28/41 

2e»C&3.ias-^i IS: 19 ttB2S P. 02 



Jun-17-03 2:49PM; 



FtAMMABIHTY OF FABRICS 



VOLUME NINE 
FIRE AND F LAMM ABILITY SERIES 



Ed i tad by 



CARLOS J HILADO 



<T*U/ * 



I 

1 

H 

25 



131 



183 
192 

222 



275 



Sent By: FKGGB* FTL - - KAIN ] 



954 768 01 58^ 



Jun-17-03 2:49PM; 



Page 29/41 



ae 

o 



o 
o 



| f 4 a 

o. o ,2 *> 

I ill 

-sill 
Itffl 

HI I 
in si 

I«!H 

■*i8i» 

I I - 1 f 
i«jh 

o » S 1 •- 



Jit 

ill 



a 



5 3 e 
s S 



III I 



3 _ 

* * S ri 

I 8 tt | 

a ? < J 




Ill ll 



8 

u- 
uu 
O 
> 



CP 



2 



2 

CO 

Q 



si 

.is 

« z 5 

|1? 

£ o u 

Is 

3 



<3£:5T 



Received from < 954 768 0158 > at 6117/03 2:35:21 PM [Eastern Daylight Time} . 



: WOfcLd 



Sent By: FKGGB*FTL- -KAIN; 



954 76B 0158; 



Jun-17-03 2:49PM; 



Page 30/41 



HI 
K 

O 
GC 



0 

3E 

• 

2 




b.I| I § 



L fl . t 



s 



2 £ E T3 * a 




5 B * o S*i 

|1 Ml! 

lis 



- fc S n w 



8 

8 

K 



1 

. ? i 5 "8 are 

p « >. M *- — ■ 

i 1 a & 1 1 5 
i J* *3s* 

4 01 « C 25 

8 ? 8 5 < 



n w w 



« □ c in 



LD C 



O w C 



5 Q 



£ £ EL 

181.2- 

hi 

S S- * « Z ° 

a u o .2 p i; 

% * ,S | 

I s 1 1 1 5 

^ E 3 

sj~ai a. 




ii .. Jill, _ T 3*11111 



W3-d SZ9lt 0ZI5I TZ-S0'E00Z 

Received from < 954 768 0158 > at 6/17/03 2:35:21 PM [Eastern Daylight Time], . 




D 
hi 

si. 



3 



■3 I i 

si! 

C Si =5 



u — 



8 o| 

9 £ 



O « w 

I** 

* il 
s* a 

■8 

^ JB '5 

« a i 
- „ 

11.1 d 

.2 .2 * 
** a 



i 



I C i 

Received from < 954768 0158 




Sent By: FKGGB*FTL- -KAIN; 



954 768 01585 



Jun-17-03 2:50PM; 



2003,06-21 



Page 32/41 

1SI21 »S25 p.oe 



I 



I 



I 

to 




li 




* * 












3 li 




J 1 1 





2 

U 

n 

a -a 



N 

D 

S 




1 1 

Si 

H 

it 



a 
i 

I 




If€J?liHIII 

lii!f|H3l?l 

llilllf S|f I 




lliniliilSISi 



Received from < 954 768 0158 > at 6/17/03 2:35:21 PM [Eastern Daylight Time] 



Sent By: FKGGB*FTL- -KAIN ; 

nsoeivea; n y ^ w ** : 
' PROM i 



954 768 01 58^ 



Jun-17-03 2:50PM; 



Page 33/41 



b 

E 



S 

5 



3 

3, 



^ 1 ^ „ ^ III 

H |8*1 if 



? -S i> ~ 

■o "5. a 18 " 
c a % x: z 
m n Z m 

Jilts 



& si* s i 



e * s | » i 8 



s s § 1 3 £ ^ 



T£ C C m * m 

• >d J - -J- 



s 3 § * * * - 

[ O *> — in £ <!! «. « 




2 



A 

n 

8- 



BS2S P.BT7 



I Will 



r- — ■ *v 

s. a • 

■D « SI 



8 a 1 H „ 

s °» *ss 



= 1 * x: 



5 „ 

ills 



*VS«ISs III *J* 



.sin i r 




* £ » 

s » S 

* * « 

iil 

S' J S f -ill If 1 



M^ 1 a 



If?; I 

1 * llfll 

8 3 si I S 

irt £ W TJ 



I ~ lilts 



■5'Sa 



£ 3 



o S ° "8 

S u e o ^ 

8lhil 

; 2 .a 8. * * 

ts-Hii 

t -n 5 1 8 | 

o 3 4j ^ * C 

3 gr t5 > SL 3 



Hi' 



g 

3 





fiibdbb ooooqooo 










lA M> lA lb tf> 1* »« u» o « «? 


" g 

1 

i 


■iillfllftlxlfl 



Recawd from < 9« 7« D1S8 > at W7»3 2:J5:31 PH [Eastern DjiySight Tine] 




situ- 




O 

ii 



■Mil 
w«W-8 

in i 



i = s 

». c c 



- Si 

_ JS 

^ 3 5 .S 

I * S ? 
£ E 5 5 



1 " 2 S - S 

■s 1 1 1 1 5 « 
ill 

5 O "5 * *B S -a 
5 > 1 -I -i - a 

? &■ 5 * 

1 I ! ^ II i 

| JS 3 I E I 

&3 *i |3 » 

ta H c a £5 .£ 

? ■§ S * r "S 
-a a. ffi § .S = ■£ 

2 S "B 'P *o 5k 

1 & ^ i e a -a 



51 




Sent By: FKGGB*FTL- -KAINj 



954 768 0158; 



Jun-17-03 2:51PM; 



Page 34/41 



05-21 15122 




*-• 

•a 



4 

si 




! 5rf* 



•£ ■ a. a * - - 0 « c 




to * « 
{ si 



EC 



^ ^ 



e I i f 3 ^ = 1 % * 

s ^ s i - 1 





- 1 :? -5 •» 

j I i ^3 e 



I g 5 S 



ilJglfll 




Received from < 9H 76801S8 >at ll^03 fi 2:35: 




o 

< 
Q 

f 

(£ 
Ui 

S 



(J 

s 



J I fr 

s 5 I « 

ts 

12 j e 

sir. s 

i i s ^ 

5 ° ts o 

■a £ s s 

3 ttj 
»- .O ^ £ 

° •» « 8 



*li i 
fill 

Ji E fl | 

r 1 1 1 
£ - "* -s 

^ — ja 



c o o « 
s g a .a 

I i « S 



& t£ 1 -2 
5 £8 J 

111 £ 

5*11 

■lit 

2T 1 "5 i 

~ 5- If " 

£ 3 " e 
-o ^2 ,9 

i§ & g 
= s "8 E 

□ •* 5 r- 

^infill* 7 



"t* *^ ?i *• 



5 



5« 



X 



Sent By: 



FKGGB* FTL - - KAIN ; 



954 768 0158; 



Jun-17-03 2:51PM; 



Page 35/41 



FROM I 



I 



5 



E 



if 




ill]* 

g £ .2 I "5 



r 

I 

Z 
2 



i -i ^ § 
-Sis 



II? 



JB n V *- ~ 



■miss 




It 11 



2003,05-21 



15>22 



«S2£ P. 39 

? * I 8 I 

a. ffi a - * 

I® 8 - 0 



x 

? 

-jf- 



I 



D 



1 ? IT i 



> 



I 
X 

o 



E 
+ 

5 

i 



S 

I 

T 

■n- 



s 



c 

5 8 S * c I 

*S .f a & 2 * 
c .5 5 S u » 

1 1 b "a g g 

« 3 2 2 § TJ 

11 iii! 



I 3 "» 

ra 

3 

1 



a c C c g 

? I ! f » § 

3 I s S 



1- 



■D 

5-8 Si 8 

1^ Mi 



O M 



— a j 
t3 a I *; 



3 9 



in 



S S ~ 2 «S c 

1 1 £ Sfi 



Sent By: FKGGB*FTL- -KAIN; 954 768 0158;_ __J^. 7 --^LJ :S ^1 - Pa9e ^ 



FROM s 



:*3G»> 06-21 iss23 *tS2S P. 10 



s 

0k 



s ■ » • Ik 3 1 dii i 

III * I ! * . * I i ! 

° K - E i . j? S, i'^s ~-- • i s . I ? 



< - N 3 " r 1 - c 3 ^ d 3 ^ .5 £° £ ES2 8 S 2 




Received from < 954 768 01 58 > at 611 7/03 2:35:21 PM (Eastern Daylight Time] 



Sent By: FKGGB*FTL- -KAIN; 



FROM i 



E 

$ si 

iS | }J| ) 

« all i 



21 

X 

O 



1/1 



1° 
I 



1 



1 



954 768 0158; 



" « £ te tk £ - 



3 S iiv 8>S 




•IIIHI 

lilipii 



Jun-17-03 2 



;52PM; 



Page 37/41 



2003, 05-21 



15:23 *M52S P. 11 




§ a ^ e - - 

0 O 

« u g — 



*2 ^ 

| e 8" 



3 <£ O O 9 M 



s ° m s 

~ -O 9 * 3 



"5 > P- 0 



;|iii|*||S| 



n 




> 3 g I 6«| v 



& £ 8,u 2 ? = E & ? 

•^sllli^ff 

ft) 3 C 45 w i C O o m 




las 



ruriiliii 



'.J 

M - 

f! 



ji K 

h 



E 
%# 

33 




Received from < 954 768 0158 > at 6117103 2:35:21 PM [Eastern Daylight Time] 



Sent By: FKGGB*FTL- -KAIN; 

FROM « 



954 768 0158; 



Jun-17-03 2:53PM; 



Page 38/41 



2003*05-21 




is 



til 



<55 

SCOT S 
W ui 10 

ui-i 



31 



i 



ij- a 




if; zta 
o — 



i5 ra *^ !S_r 





■^s I s 1 1 3 3§i|S si 






I if! '.ilW 



a u 



Received Iron) 




E J E » 

J2 « « »r 

11 -si 

J5 5 * c 




